Bipolar Nickel-Metal Hydride Battery 
Development Project 
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77 Wh/kg lOOWh/kg 

175 Wh/1 250 Wh/1 

Challenging-Achievable 



NASA Aerospace Battery Workshop Electro Energy. Inc.. Danbury, QT 06810 
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Electro Energy's Bipolar 
Nickel Metal Hydride Battery 



Electro Energy, Inc. 

Shelter Rock Lane 
Danbury, CT 06810 
(203) 797-2699 
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ADVANTAGES OF EEI WAFER BIPOLAR DESIGN 
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Improved energy and power density 





COMPONENT DE VELOPMENT (corn’d) 
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EEI, EIP, RU 



NASA Aerospace Battery Worksho 
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EEI, EPI, Rh-P 



COMPONENT DEVELOPMENT (cont’d) 
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L225b - 2,600 LEO cycles 

L229f - 2,120 LEO cycles 



Cell # LI 75a (Th Cap 1.0 Ahr) 
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1000 2000 3000 4000 5000 6000 7000 

7422 LEO Cycles 
4/7/97 - 9/29/98 




Cell# LI 42b (TCI. 63 Ahr) 
T348-8.5/2-2588/Rp40-6870 Ni/Sp/vho 
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7572 LEO Cycles 
2/3/98 - 3/7/98 




Cell It L294a (Th Cap 16.92) 
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1357 LEO Cycles 
7/14/98 - 10/22/98 
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Cell # L288a (Th Cap 1.62 Ahr) 
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COMPONENT EVALUA TION IN BIPOLAR CONFIGURA TION 
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n-going: 
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Batch or Interactive 
3-D wireframe model 
Area Summary 
Goodman Margins 

Contour Plot and Deformation Animation 



TRADE STUDY (cont’d) 


vi oo 
ON ON Os 
On On On 

OX) Of) 00 

^ ^ ^ 

^5 ^ js 

vo ^ n 
\o ^ oo 


c u 
o > 


<u r? 

£ | 

2 £ 


JZ « 
Q S 


-o T3 
§ O 

3 o 

So 

'S't 

c/i 3 

x: o 

Q, ’S 

03 £ 
Wh O 

a o 


c 

OX) G 

C - g .SP 
,SP£ S 

W w A 

<D +-» U 
^ ’W)^ 

£ -s .SP 

OX) =£ t> 

'S JL ? 


/99# M4£4 Aerospace Battery Workshop 


-242- 


Lithium-Ion / Nickel-Metal Hydride Session 



X 

OX) on 

x c 
.2 
c tS 

OX) o 

*35 X 

cd Cu 


■g «u 

<D 4-> 

> ^5 

2 T3 

& es 
£ t/3 

u O 
x W 
H J 


cd 

CX > 
>% 

=3 > 

2 ^ 
.2 « 
kH 

o g 
a> 

<U a> 
— ' on 

o 2 

£ Q, 

~ cd 

M . 

cd >> 
X X 

"2 

S 3 

5 3 
X OX) 

4> g 

X 

H 22 


/99S NASA Aerospace Battery Workshop 


-243- 


Lithium-Ion / Nickel-Metal Hydride Session 


There are four thermo-couples to monitor internal temperatures. 
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Maximum Temperature Change: 25° C above cold plate 

Thermal Generation: 128 Watts Average 
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• Nickel Foil Cell Face. 

• Epoxy Insulating Frame. 
Tie Rods - Titanium 

Current Collectors - Nickel Foil 
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Rntterv Weight Summon 



Battery We 

Item 

Metal — Hydride 


M — H Electrode Additives 


Nickel Base & Additives 


Active Material Ni Hydroxide 


Electrolyte 


Remainder of Wafer Cell 


Thermal Buss 


Stack Hardware 


Enclosure and Endplates 


Miscellaneous Items 


Total 


ight Table 
Wt.(g) 
5500.0 


27.6 


442.6 


4552.9 


2534.1 


679.9 


1528.2 


700.2 


1447.6 


134.7 


17548.0 


Wt.(lbs) 

12.1 


1.5 


3.4 


1.5 


3.2 


0.3 


38.7 


Wt.% 

31.3 


0.2 


2.5 


25.9 


14.4 


3.9 


8.7 


4.0 


8.2 


0.8 


100 


Ratterv Weight Distribution 


Active Matl. 
Ni Hydroxide 
26% 


Metal— Hydride 
31% 


Misc. 

Items 

0 . 8 % 


Thermal Buss 
9% 


Nickel Base 
& Additives 

R&hnainder of 
wafer Cell 
4 % 


Electro Energy, Inc. 

Design Automation Associates 
Version: R1.15 


Electrolyte 

14 % 


Stack Hardware 
4% 


Enclosure 
and Endplates 
8 % 


Page 6 of 1 3 


NASA Lewis 
Research Center 
October 20, 1998 
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Wafer Cell Weight Summon 

Wafer Cell Weight Table 

Item Wt.(g) ' 


Wt.% 


Active Material 

94.9 

33.1 

Ni Electrode Additives 

9.2 

3.2 

Metal-Hydride 

1 14.6 

40.0 

M-H Electrode Additives 

0.6 

0.2 

Washer 

0.4 

0.1 

Separator(s) 

2.2 

0.8 

Electrolyte 

52.8 

18.4 

Insulating Frame 

0.8 

0.3 

Cell Face 

10.8 

3.8 

Total 

286.2 

100 


Wafer Cell Weight Distribution 


Ni Elect. 
Additives 
3% 


Active Matl. 
33% 


Electrolyte 

18 % 


Insul. 

Frame 

0.3% 



Cell face 
4 % 

Separator(s) 

0 . 8 % 


Metal-Hydride 

40% 


Electro Energy, Inc. 

Design Automation Associates 
Version: R1.15 


NASA Lewis 
Research Center 
Date: October 20, 1998 
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NASA Aerospace Battery Workshop £/ecfro Energy, Danbury. CT 068 IQ 
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There are thermo-couples to monitor internal temperatures. 



PRELIMINARY DESIGN BOILERPLATE BATTERY SUMMARY (corn’d 
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Thermal Generation: 32 Watts Average 



PRELIM IN A R Y DESIGN BOILER PLA TE BA TTER Y TASK 
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Battery # L312 A (Th Cap 17.32 Ahr) 
36 50 P61 II 2-700/9 II 90TA1 9 9Ni210/Sp 



1998 NASA Aerospace Battery Workshop 


- 253 - 


Lithium-lon / Nickel-Metal Hydride Session 


100 200 300 400 500 600 700 800 

10/15/98 
Leo Minutes 
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Bipolar Nickel Metal Hydride Battery Design System 


User: MnStk+500 mAH/g MH 


Power: 1 .0 kW 

Battery Capacity: 52.1 Ah 



Specific Energy 
Energy Density 
Overall Weight 
Cell Weight 


Metric 

99.3 Wh/kg 
234.9 Wh/I 
14.7 kgs 
1 1.0 kgs 


SAE 

218.9 Wh/lb 

8.3 Wh/ft3 
32.4 lbs 

24.3 lbs 


Electro Energy, Inc. 

Design Automation Associates 

Version: R1.15 Page 1 of 1 3 


NASA Lewis 
Research Center 
Date: October 20. 1998 
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Bipolar Nickel Metal Hydride Battery Design System 


User; Min Stk+125% Theo NI + 365MH 

Power: 1 .0 kW 

Battery Capacity: 52.1 Ah 



Metric SAE 


Specific 

Energy: 

100.2 Wh/kg 

220.9 

Wh/lb 

Energy 

Density: 

241.5 Wh/I 

8.5 

Wh/ft3 

Overall 

Weight: 

14.6 kgs 

32.1 

lbs 

Cell 

Weight: 

10.7 kgs 

23.7 

lbs 


Electro Energy, Inc. 

Design Automation Associates 

Version: R1.15 Page 1 of 13 


NASA Lewis 
Research Center 
Date: October 20, 1998 
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Status of EEVs Bipolar Ni-MH Battery Project 
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Completed a very high energy density bipolar battery design 

• 83 Wh/kg (37.8 Wh/lb) 

• 21 1 Wh/liter (7.4 Wh/ft 3 ) 



Status of EEVs Bipolar Ni-MH Battery Project (cont’d) 
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Improved active Ni and/or MH materials a required to increase the battery energy density from 
83 Wh/kgto 100 Wh/kg. 
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